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PREFACE

This report is submitted in partial fulfillment of the contractual

obligation for Contract No. N00024-79-C-5653 titled "Fluorinated

Desensitizing Ingredients for Propellants." The report contains a

summary of the work performed during the period 24 July 1979 through

23 April 1980.

The research was performed by the staff of SRI's Chemistry Laboratory

of the Physical Sciences Division under the supervision of Donald L. Ross.

John M. Guimont was the principal investigator, and laboratory assistance

was provided by D.V.H. Son and Steven J. Staats.

The project officer was R. F. Cassel of the Naval Sea Systems

Command.
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SUMMARY

Under the sponsorship of Naval Sea Systems Command, SRI has been

investigating the use of partially fluorinated nitrate esters as desensitizing

ingredients for propellants. Three nitrate esters were prepared, and

preliminary characterization of the first two shown below was completed:

Compound Structure

3-Fluoro-l,2-propanediol dinitrate FCH2CH(ON0 2)CH2ONO2

FDNP

3,3,3-Trifluoro-l,2-propanediol dinitrate FCCH(ON0 2 )CH2 ONO2

TFDNP

4,4,4-Trifluoro-l,2,3-butanetriol F 3CCH(ON0 2)CH(ON0 2)CH2ONO 2
Trinitrate

TFBTTN

Preliminary examination of the physical properties and sensitivity

characteristics of FDNP and TFDNP indicates that these partially fluor-

inated nitrate esters are potentially useful propellant ingredients.

When compared with 1,2-propanediol dinitrate (DNP), which is currently

used in Otto Fuel IT, FDNP has a lower vapor pressure, higher density,

less sensitivity to initiation by impact, and a higher calculated

detonation pressure and velocity. TFDNP also compares favorably with

DNP, except that its vapor pressure is higher than DNP. A small sample

of TFBTTN was prepared, but physical property measurements have not been

made. Despite its structural similarity to nitroglycerin, TFBTTN was

found to detonate only when subjected to a very strong hammer blow.

The results of the research conducted under this contract demonstrated

that fluorinated nitrate esters can be prepared readily using known

synthetic routes to fluorinated alcohols and an efficient nitration

p iii



system developed under an earlier ONR contract. The fluorinated

nitrate esters are more energetic and less sensitive to initiation

by impact than the nonfluorinated analogs. They also have good physical

properties and thermal stability, making them desirable energetic

materials for use in liquid propellants or as plasticizers for solid

propellants.

iv



INTRODUCTION AND BACKGROUND

Accidental initiation of explosives and propellants is a problem

that has plagued the Armed Services for many years. The standard method

of alleviating the problem has been to add desensitizing ingredients,

which not only reduce the sensitivity of the propellant to initiation,

but also frequently reduce the total energy of the system. Among the

exceptions is the use of BDNPA and BDNPF for coating RDX for use in

certain PBXs. Thus, an ideal desensitizing ingredient would be ener-

getic as well, but an increase in energy is likely to be followed by a

corresponding increase in sensitivity, which leads us back to the

original problem. However, research at SRI indicates that one solution

may be at hand.

Results of research under ONR Contract N00014-76-C-0810 showed that

the sensitivity of energetic materials to shock initiation could be

reduced by substituting fluorine for some of the hydrogen in the explo-

sive molecule. Briefly, our work has shown that partially fluorinated,

high energy materials are generally more thermally stable and less

sensitive to initiation by impact and shock than the corresponding

materials containing no fluorine. We and other workers have found that

introduction of fluorine into the molecule of an energetic material often

does not result in a loss in energy. In fact, some materials show an

increase in energy as measured by the calculated detonation pressure and

velocity (Kamlet equation).

Replacement of hydrogen by fluorine in a given energetic compound

may contribute more overall energy to a formulation for two reasons.

First, fluorinated materials are generally more dense than their corresponding

hydrogen analogs; therefore, a greater weight of the fluorinated compound

can be placed in the same or smaller volume. Second, higher thermal

stability and lower shock sensitivity of energetic fluorinated materials

may effectively desensitize a formulation and thus offset the need for

using a nonenergetic desensitizing ingredient.

1



OBJECTIVE

Using the theory of desensitization as a basis, we proposed an

investigation of the synthesis and characterization of FDNP, TFDNP, and

TFBTTN as candidate ingredients for Otto Fuel or other liquid propellants.

The immediate objective was to determine if these fluorinated nitrate

esters could be used to replace a portion of n-butyl sebacate to provide

a modified Otto Fuel of higher energy than operational formulations but

of equal or lower sensitivity to shock initiation.

2



SYNTHESIS

3-Fluoro-1,2-propanediol Dinitrate (FDNP)

In our efforts to prepare FDNP, three synthetic routes were

investigated: Schemes I, II, and III. Initially we anticipated repeating

the work of Olah and Pavlath' in which they prepared 3-fluoro-1,2-propane-

diol in 52% yield, equation (1).

LiF/hv

ClCH 2CH(OH)CH 20H L FCH 2CH(OH)CH 20H(1)

HNO3 /H2SOI FCH 2CH(ON02 )CH2ONO2(2) FDNP

Scheme I

Five experiments were conducted in our laboratory following the

conditions described by Olah and also by Gryszkiewicz-Trochimowski,2

but none was successful. Since Olah did not specify the frequency

of the UV source, we used three different UV lamps having different

wavelength ranges. The NMR spectra and refractive indices of collected

products indicated that they were mainly starting material. Because we

could not repeat the reported work, we began work on an alternative to

reaction (1).

According to Dummell and Kun 3 , a more convenient method to prepare

3-fluoro-1,2-propanediol involves using glycidol as starting material,

equation (3), Scheme II.

3



KHF 2
OCH2-CHCH 20H - - FCH 2 -CH(OH)-CH 2 0H

(3)

HN03 /H2SO1.

___ p. FCH 2CH(ON0 2 )CH 2 ONO2

(4)

Scheme II

Several attempts to repeat the reported procedure resulted in

polymerization of the glycidol; none of the desired product was detectable.

The third synthesis route to FDNP that was investigated, Scheme III,

proved to be the least difficult and most successful.

The reaction shown in equation (5) was conducted under reflux for

three days. After vacuum evaporation of the DMF, the product was collected

by distillation. The nitration, equation (6), was performed using a

mixture of 100% HNO3 and 96% H12SO at 5-10'C and gave a nearly quantitative

yield of FDNP.

CICH 2-CH(OH)-CR 2OH KF/DMF FCH 2-CH(OH)-CH2 OH(5)

HNO3/H 2 SO04
• * FCH 2-CH(ON02 )-CH2 ONO 2(6) FDNP

Scheme I1

3,3,3-Trifluoro-1,2-propanediol Dinitrate (TFDNP)

The synthesis route used for preparing TFDNP, equations (7) through

(10), is based on a known procedure. 4 The reactions shown in equations

(7) and (8) were conducted exactly as reported, hut the hydrolysis step,

equation (9), was modified. Treatment of 3-bromo-1,1,1-trifluoro-2-propanoI

with base produces both the desired diol and 3,3,3-trifluoro-1,2-epoxyprop)anle.

After attempting the reaction several times with various bases, we found

that treatment with potassium carbonate at 25'C gave a near quantitative

yield of the diol.

4



Br 2 /H 2 SOI NaBH K 2C0 3
CF 3 -C(O)-CH 3  CF 3-C(O)-CH 2Br - CF3-CH(OH)-CH2Br

(7) (8) (9)

HNO3 /H2 SO4
CF3-CH(OH)-CH20H = CF3-CH(ON0 2)-CH 2 (ON02 ).

(10)
TFDNP

Nitration of the diol, equation (10), with 100% HNO 3 and 96% H 2SO

at 5-10*C produced TFDNP in high yield.

3,3,3-Trifluoro-1,2,3-butanetriol Trinitrate (TFBTTN)

Preparation of TFBTTN is based on nitration of the known triol,5

and synthesis of triol, equations (13) through (17), was predicated

on the commercial availability of ethyl ethoxyacetate. After waiting

several months for delivery, we were told by the vendor that it was no

longer available and were forced to prepare it as shown in Equations

(11) and (12).

CH 3CH 2ONa + ClCH 2COOH - CH 3 CH 2OCH2COOH
(11)

CH3CH20H CH3CH 2OCHCOOCH2 CH3
(12)

NaOCH2CH3
CH3CH2OCH 2COOCH2CH3 + CF3COOCH 2CH 3  ((13)

IH]
CF3C(O)CH(OCH2CH3 )COOCH2CH3  - CF3CH(OH)CH(OCH 2CH3 )COOCH2CH3

(14)

LAH H-BrCF3CH(OH)CH(OCH 2CH3 )CH2OH

(15) (16)

HNO 3 / H2SO4
CF3CH(OH)CH(OH)CH 20H CF3CH(ON02)CH(ON02 )CH2ONO2

(17)

5



Although the procedure was very time consuming, ethyl ethoxyacetate

was prepared following the reported procedure.6 The reactions shown

in equations (13) through (16) were performed exactly as reported s and

resulted in an overall yield of 20%. Nitration with nitric and sulfuric

acids proceeded as anticipated.

6



CHARACTERIZATION

The subject nitrate esters were characterized by physical property

measurements, thermal stability, impact sensitivity, and theoretical

detonation properties. All of the data for FDNP and TFDNP are given

in Table 1 along with the properties of DNP for comparison. TFBTTN

was not characterized because only a small amount could be prepared

during the contract period.

Densities were determined with a Fisher-Davidson gravitometer, and

vapor pressures were determined by extrapolation after measuring the

boiling point at various pressures.

FDNP appears to be a potentially useful propellant ingredient.

Compared with DNP, FDNP has a higher density, lower vapor pressure, higher

oxygen balance, reduced sensitivity to initiation by impact, and

improved detonation characteristics. FDNP should be studied further

as a possible Otto Fuel ingredient. TFDNP exhibits all of the desired

improvements over DNP with the exception of TFDNP's higher vapor pressure.

The vapor pressure of TFDNP precludes its use as an Otto Fuel ingredient,

but the large reduction in sensitivity to impact may make it a desirable

ingredient for an application where vapor pressure is not a significant

problem.

The differential scanning calorimetry (DSC) data that we obtained

on DNP, FDNP, and TFDNP and Otto Fuel mixtures prepared from each have

been omitted from the table of properties because we feel that the data

are misleading. The DSC data, which were presented in earlier reports,

showed that DNP was stable up to 270*C and that Otto Fuel II was stable

to 235*C while FDNP and TFDNP decomposed at 160-180*C. 7 In addition,

when samples of Otto Fuel prepared from each nitrate were heated in

melting-point capillaries, all three decomposed with gassing at 160-180*C.

There are several alternative explanations for the anomalous behavior

of DNP, but the cause of the problem has not been determined. Additional



Table 1

PROPERTIES OF DNP, FDNP, AND TFDNP

DNP FDNP TFDNP

Structure CH3 H - CH, FCH 2,H - jH2 F3CCH - CH2
ON0 2 6N ON02 ONO ,  N0 2 NO,

Molecular formula C 3H6 N 20 6  C 3 HsN 2 06 F C 3H 3N2 06 F3

Formula weight 166.1 184.1 220.07

Density (g/cm3 ) 1.374 1.555 1.614

Vapor pressure 0.065 0.011 0.32
(mm/25 0 C)

Oxygen balance 0/-29 8.7/-17 22/0
(wt % to CO/C0 2 )

a
Detonation pressure 201 238 246

(kbar)

Detonation valocitya  7350 7660 7700
(m/sec)

Impact b  
4-6 7-8 10-15

(kg-cm)

aCalculated using the Kamlet equation assuming that fluorine forms
HF during detonation.

bDetermined with a Technoproducts drop-weight tester.

8



characterization of FDNP should include a careful study of its thermal

behavior.

Although TFBTTN has not been fully characterized, we recommend

further investigation. We found that TFBTTN is not very sensitive to

impact, at least qualitatively in that it requires a very strong hammer

blow to cause detonation. This is quite surprising in view of its

structural similarity to nitroglycerin. TFBTTN is a highly oxidized

material with a possibility of being a good plasticizer for double-base

systems. If our qualitative observation of its sensitivity is verified,

a more complete study including synthesis improvement may be recommended.

9
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EXPERIMENTAL DETAILS

The experimental procedures reported below are new synthesis

reactions that are not reported in the literature or are significantly

modified versions of known reactions. All other experiments reported

in the text are a duplication of published procedures.

3-Fluoro-1,2-propanediol

A mixture of 62.8 g (0.57 mol) of 3-chloro-1,2-propanediol, 46.4 g

(0.80 ml) potassium fluoride, and 80 ml of dimethyl formamide was

heated to reflux for 72 hours. The reaction mixture was then cooled

to ambient temperature, filtered, and distilled under reduced pressure.

The desired product (40 g, 75% yield) was collected at 65-75'C/0.01 torr.

3-Fluoro-1,2-propanediol Dinitrate

In this procedure, 8.8 g (0.14 mol) of 100% nitric acid was added

dropwise to 5.0 g (0.05 mol) of 3-fluoro-1,2-propanediol at 5-10'C with

ice/water cooling. When the addition was complete, 29.3 g of 96% sulfuric

acid was added dropwise at 5-10*C. The reaction mixture was stirred for

30 min at 5-10C and then poured onto 80 g of ice. The aqueous solution

was extracted 4 times with 25 ml portions of methylene chloride. The

methylene chloride solution was dried over magnesium sulfate, filtered,

and evaporated, leaving 7 g of brown liquid that was distilled at

48-49*C/0.1 torr to give 6.0 g FDNP (61% yield).

3,3,3-Trifluoro-1,2-propanediol

A mixture of 42.3 g (0.22 mol) of 1-bromo-3,3,3-trifluoro-2-

propanol, 40.7 g (0.30 mol) potassium carbonate, and 230 ml water was

stirred at 25*C for 1.5 hr, then at 40-50*C for 2 hr. The reaction

mixture was extracted with ether, which was then dried over magnesium

sulfate, filtered, and evaporated, leaving 13.3 g of 3,3,3-trifluoro-1,2-

propanediol. (47% yield). The material thus obtained was used in the

subsequent nitration without further purification.

10



3,3,3-Trifluoro-1,2-propanediol Dinitrate t.
To 13.3 g (0.1 mol) of 3,3,3-trifluoro-1,2-propanediol, was

added dropwise 27 g of 100% nitric acid at 5-10'C over a period of 10 min.

When the addition was complete, 85 g of 96% sulfuric acid was added

dropwise at 5-10*C. The reaction mixture was stirred at 5-10*C for 1 hr

and then poured onto 160 g of ice. The aqueous solution was extracted

with methylene chloride, which was then dried over magnesium sulfate and

evaporated, leaving 14.3 g crude product (65% yield). The desired product

was distilled at 650C/20 torr.

4,4,4-Trifluoro-1,2,3-butanetriol Trinitrate

In this procedure, 1 g (6.3 mmol) of 4,4,4-trifluoro-1,2,3-butanetriol

was nitrated with 6 g (95 mmols) of nitric acid and 20 g of 96% sulfuric

acid, and the reaction was worked up in the same manner as described for

the propanediols. (Yield: 0.87 g, 50%).

11
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(88M) p Rocket Propulsion Lab

Attn: XOJ One Copy Each of Al AFRPL
Edwards, CA 93523 Contractor Generated Reports

CP-I Commander
(145W) A? Systems Comd

Attn: DLFP Richard Smith ONE COPY OF EACH REPORT
Andrews AID, Washington, DC 20334

CF-3 Director
(2566) Air Univ Ub (SE)

Maxwell APB, AL 36112 ONE COPY OF EACH REPORT

CIL-* Armament Dev & Test Ctr
(22461) Attns (XRC) T. 0. Grady

Eglin APB, PL 32S42 ONE COPY OF EACH REPORT
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CP NO. REPORT RECIPIMENT CHANOR Of IFrATUS DIR1U7ION NMO
DAL NO.

CP-43 Nati Aeronautics & Space Admin
(10701) Lyndon B. Johnson Space Ctr

Attn: JM6 Tech Lib ONE COPY OF EACH REPORT
Houston, TX 77058

CP-45 Natl Aeronautics & Space Admin
(04235) Langley Research Ctr

Attn: MS-185 Tech Lib ONE COPY OF EACH REPORT
Hampton, VA 23665

CP-4 Natl Aeronautics & Space Admin,
(00075) Lewis Research Ctr

Attn: H. W. Douglas ONE COPY OP EACH REPORT
21000 Brookpark Rd
Cleveland, OH 44135

CP-41 Natl Aeronautics & Space Admin
(00075) Lewis Research Ctr

Attn: Lib ONE COPY OF EACH REPORT
21000 Brookpark Rd
Cleveland, OH 44135

CP-0 Natl Aeronautics & Space Admin
(09327) Marshall Space Flight Ctr

Attn: John Q. Miller EP-25 ONE COPY OF EACH REPORT
Marshall Space Fit Ctr, AL 35812

CP-50 Natl Aeronautics & Space Admin
(15941) Scientific Technical Inf Fee

Attn: Tech Lib ONE COPY OF EACH REPORT
PO Box 8757
Bait Wash Intl Airport, MD 21240

CP-51 Administrator 12 copies of unclassified, unlimited
(25481) Defense Technical Information Ctr reports.

Attn: DDA 2 copies of reports in other clssifi-
Cameron Station Bg 5 cation categories.
Alexandria, VA 22314

CP-2 Director
(25327) Under Sec of Def Rech & Eng

Attn: G. R. Makepeaee ONE COPY OF EACH REPORT
The Pentagon, Rm 3D1089
Washington, DC 20301

CP-53 Aerojet General Corp Sacramento
(05131) Aerojet Liquid Rocket Co Div

Attn: Tech Info Ctr ONE COPY OF EACH REPORT
PO Box 13222
Sacramento, CA 95813

CP-1l Aerojet Solid Propulsion Co
(21139) Attn: Lib

PO Box 13400 ONE COPY OF EACH REPORT
Sacramento, CA 95813

CP-Il Aerospaece Corp Lc Angeles
(09551) Attn: Lib Aeq Op

PO Box 92957 ONE COPY OF EACH REPORT
Los Angeles, CA 900009
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CAL M0 REPORT usciPiinr CELMAISK OF WrAT111 DISIIUTION NOTM

CP-58 Atlantic Research Corp
(02141) Attn: Lib

5390 Cherokee Ave TWO COPIES OF EACH REPORT
Alexan~ia, VA 22314

C" Beb'w Co Seattle
(00) Kent Library

Attn: IK-38 Lib Proc Sipv ON COPY OF EACH REPORT
PO Do. 3707
Seattle, WA 3124

CF-U Calfornia intitute of Technology
(08003) Jet Propulaion L.ab

Attn: RJchar Dailey N81/125-224 ONE COPY OP EACH REPORT
4800 Oak Grove Drive
Pasdena, CA 31103

CP-IS California Int Technolog
(080OS) Jet Propulioni Lab-Lib Op Op

Attn: I.b Aege-Sftandb'q Orders OUR COPY OP EACH REPORT
4600 Oak Grove Drive
Pmsadma, CA 31103

Crf-U Ford Aerospace & Comm Corp
(06065) Aeroautronic Div

Attn: Tech Info Sve-DDC AoV ONE COPY OP EACH REPORT
Ford & Jamboree Roe&h

CF41 Hercules inc Cumberlwad
(36146) Allegay Ballistics Lab

Attn: Tech L.b ONE COPY OF EACH REPORT
PO Doz 210
Cumberlwad, MD 21502

CP-62 Hercules hokegNam
(07254) Att. Libl10OH-

PO Dox 38 ONE COPY OF EACH REPORT
Magna, UT 84044

CV643 Hercules ho McGregor
(2322 Btn:a Sc Mg OWE COPY OF EACH REPORT

McGregor, TX 73657

CF-04 Hercules ho Wilmiiglon
(02075) Hercules Research Wu

Attn: Tech Info Div OWE COPY OF EACH REPORT
Wilmirgtom, DE 1333

CF-aS HqIges Aircraft Co Culver Citj
(00807) Attn: Techm Doe Ct? SE-hO-S

Centiniela & Teake Sts OWE COPY OF EACH REPORT
Culver CitY, CA 30230

CP-M John. Napkin University
(26736) AVplied Ply Lab -

Chain Prop lef Apy TWO COPIES OF EACH REPORT
Atua Code MLq R. D. Nown
Jolim Ncpkin Rd
LsureL MD 2010 __________ ___ _______
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CP NO.
DAL NO. REPORT RECIPIENT CHANGR OF STATUS DWFRIBUTION NOTm

CP-' Lockheed Msl & Space Co Inc
(06148) Tech Info Ctr 52-50

Attn: DCS-L201-Repts Acq ONE COPY OF EACH REPORT
3251 Hanover St
Palo Alto, CA 94304

CP-8E Marquardt Co
(00008) Attn: Lib

PO Box 2013 ONE COPY OF EACH REPORT
Van Nuys, CA 91409

CPI70 Martin Marietta Corp Orlando
(06204) Attn: MP-30 Eng Lib

PO Box 5837 ONE COPY OF EACH REPORT
Orlando, FL 32855

CP-71 McDonnell Douglas Corp
(13560) Huntington Beach

Attn: Lib Svcs A3-135 ONE COPY OF EACH REPORT
5301 Bolsa Avenue
Huntington Beach, CA 92647

CP-?2 McDonnell Douglas Corp St. Louis
(00287) Attn: Lib

PO Box 516 ONE COPY OF EACH REPORT
St. Louis, MO 63166

CP-73 Olin Corp Marion
(03613) Marion Works

Attn: R. D. Altekruse ONE COPY OF EACH REPORT
PO Drawer G
(Crab Orchard Nail Ref)
Marion, IL 62959

CP-74 Princeton University
(03690) Forrestal Campus Library

Attn: Lib ONE COPY OF EACH REPORT
PO Box 710Princeton, NJ 08540

CP-7$ Rockwell Intl Corp Canoga Park
(05453) Rocketdyne Div

Attn: TIC, D/586-t03, BA29 ONE COPY OF EACH REPORT
6633 Canoga Ave
Canoga Park, CA 91304

CP-76 Rockwell Intl Corp Downey
(00012) Space Information Sys Div

A tn: IIC-D096-400-AJO1 ONE COPY OF EACH REPORT
12214 Lakewood Blvd
Downey, CA 90241

CP-/u Rohm & Has Co
(00660) Huntsville Def Contract Ofe

Attn: Dr. H. M. Shuey ONE COPY OF EACH RrPRT
Arthur Murray Bldg
723-A Arcadia Circle
Huntsville. AL 35801

C"P-I SRI International
(06494) Attn: Mr. Don Roos

333 Ravenswood Ave ONE COPY OF EACH REPORT
Menlo Park, CA 94015
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CP NO.DAL NO. REPORT RECIPIENT CHANGE OF STATUS DWF3BU1IOMN MOTO

CP-O Textron Ine Buffalo
(00431) Bell Aerosace Co Div

Attn: Tech Lib ONE COPY OF EACH REPORT
PO Box 1
Buffalo, NY 14240

CP-8i Thiokol Corp Brigham City
(06812) Wasatch Div

Attn: Tech LUb TWO COPIES OF EACH REPORT
Brigham City, UT 84302

CP-8, Thiokol Corp Elkton
(03874) Atm: Sety Ofe

PO Box 241 ONE COPY OF EACH REPORT
Elkton, MD 21921

CP-83 Thioklol Corp Huntsville Div
(14972) Atbu Tech Lib

Redstone Arsenal ONE COPY OF EACH REPORT
Huntsville, AL 35007

CP-84 TRW Inc Redondo Beach
(10932) TRW Def & Space Sys Gp

Attn: Tech Info Ctr-Doc Svcs TWO COPIES OF EACH REPORT
One Space Park
Redondo Beach, CA 90278

CP-SI TRW Inc Redondo Beach

(10932) TRW Def & Space Sys Gp
Attn- Tech Info Ctr-Doc Svcs ONE COPY OF EACH REPORT
For: R C Reeve
One Space Park

1 Redondo Beach, CA 90278

CF-IS United Technologies Corp
(08933) Chemical Systems Div

Attn: Lib ONE COPY OF EACH REPORT
PO Box 358
Sunnyvale, CA 94088

CP-S United Technologies Corp
(00367) Research Ctr

Attns Aeq Lib ONE COPY OF EACH REPORT
400 Main St
East Hartford. CT 06108

CP-5 Vought Corp Dallus
(00361) Systems Div

Attn: Llb-2-50370 ONE COPY OF EACH REPORT
PO Box 225907
Dales, TX 75265
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RUCIPIENTI FOR SPECIAL CATEGOU
n to

1) Propellant Ingredient Synthesis Programs
2) Solid Propellant and Rocket Motor Program
3) Liquid Propellant and Rocket Engine Programs
4) Structural Materials for Rocket Motors and Engines
5) Air Breathing Propulsion Programs

SELECTED CATEGORIES

CP NO. REPORT RECIPIENT CHANGE OF STATUS DEIRUBUTION NOTES
DAL, NO.

CP-2 Commander 1 One copy of each report in these
(00304) Armament Rsch & Day Comd 2 categories

Scientific & Tech Div
Attn: Dr. J. P. Picard
Dover, NJ 07801

CP-4 Director 4 One copy of each report in this
(25711) Plastic Tech Eval Ctr category

Attm Alfred M. Anzalone Bldg 3401
Picatisy Arsenal
Dover, NJ 07801

CF-iS Commander 2 One copy of each report in these
(04993) Radford Army Ammo Plant 4 categories

Attn: SARRA-QA
Radford, VA 24141

CF-13 Commanding Officer 2 One copy of each report in this
(08647) Naval Air Eng Car category

Attn: Code 1115 Tech Lib
Lakehurst, NJ 08733

CP-2 Commander 2 One copy of each report in these
(04913) Naval Sea Systems Comd 4 categories

Attm SEA-62Z31B
Washington, DC 20342

Cl-1 Commander 1 One copy of each report in this
(07953) AF Materials Lab category

Attn: (LTN) C. . Anderson
Wright-Pattenson AFB, OH 45433

CP-40 Commandar 2 One copy of each report in Lnese
(00664) Foreign Tech Div 3 categories

Attnt PTD/SDBP
Wrilt-Patterson APB, OH 45433

CP641 Comm-id- 2 One copy of each report in this
(2143) Ogden Alr Lcgbstles dt category

AtMnt (MANCP) D. F. Woods
HM £13, UT 461

CP-40 Commadar 3 One copy of each report in these
(SI8M) Si Antnlo Air Logaties Ctr S categories

Attm (SPQr) W. . Vandeventer
Kelly AFB, TX 78241
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RlCl MllI POR SPCIAL CATEGOBIM

1) Propellant Ingredlent Synthesi Programs
2) Sold Propellat and Rocket Motor Programs
3) Liquid Propellent and Rocket Engine Programs
4) Struetwal Materials for Rocket Motors and Engines
5) Air Breathing Propulsion Programs

SELBCTED CATRGORI

CP NO. RPORT RECIPIENT CUAEE OP hrA'UI DwT3U'rOM MOTO
DAL NO

CP-40 Nail Aeronautics & Space Admin 3 One copy of each report in this
(09327) Mashll Space flight Ctr category

Attn: ASIL
Marshall Spac Pit Ctr, AL 35812

CP-40 Martin Marietta Corp Denver 1 Specifically requested reports only
(05462) Attn: 6617 Itch Lib 2 for these categories

PO BoX 17 3
Denver, CO 80261

CP-17 Sundstrand Corp 3 One copy of each report in these
(18124) Atmt: S ty Off 4 categories

4751 Harrismn Ave
Rockford, IL 61101
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